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R SMITH:* Each year we are privileged to have a

Medical Staff Conference given by each of the
chief medical residents who are completing four years
on the house staff here at the University of California,
San Francisco (UCSF). This is such an occasion.

Dr Seth Landefeld received his undergraduate de-
gree from Harvard and then spent two years as a
Rhodes Scholar at Oxford. He then returned to this
country to complete his medical education at Yale.
Seth will be leaving UCSF to begin training as a fellow
in the Division of General Internal Medicine and Pri-
mary Care at the Brigham and Women’s Hospital in
Boston. We greatly appreciate the leadership and dedi-
cation he has brought to our training program.

DR LANDEFELD:! Few diseases threaten the lives of
our patients as dramatically or challenge our diagnos-
tic acumen and therapeutic ambitions as keenly as does
pulmonary embolism. This challenge is no small mat-
ter, especially because we commonly believe pulmo-
nary embolism is one of those rare phenomena in
medicine, a life-threatening disease that can be cured
with specific therapy. Harry Zilliacus, a Swedish pio-
neer of the use of heparin, stated the case for anti-
thrombotic therapy in 1946: “Thromboembolism can
be as effectively combated with heparin and, where
it can be applied, with dicumarol, as pernicious anemia
and diabetes mellitus with their specific agents.”*
This therapeutic imperative inspired a search for
better diagnostic agents. In the past 20 years lung
scanning and pulmonary angiography have enabled
accurate premortem diagnosis.>* New, less invasive
techniques, such as digital subtraction angiography,

*Lloyd H. Smith, Jr, MD, Professor and Chairman, Department of
Medicine.

tSeth Landefeld, MD, Department of Medicine, University of Califor-
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may soon provide diagnostic information as accurately
as does traditional angiography.* The accepted treat-
ment of pulmonary embolism, however, has seen few
recent advances; heparin and coumarin derivatives re-
main the standard of care, as they were in the 1950s,
and the role of thrombolytic therapy remains contro-
versial.

I will examine the role of antithrombotic therapy—
that is, the use of heparin, coumarin derivatives or
thrombolytic agents—for treating acute pulmonary
embolism, but will not discuss other syndromes of pul-
monary thromboembolic disease, primary prophylaxis
or surgical management.

I chose this topic for three reasons. First, anti-
thrombotic therapy for pulmonary embolism is not
well founded on experimental or clinical data, though
it certainly is strongly supported by tradition. Second,
antithrombotic therapy may often be toxic. Clearly,
knowing both the efficacy and the toxicity of these
agents can guide us in their best clinical use. Finally,
recent investigations suggest new medical therapies that
may be both safer and more effective.

Pathophysiology

Pulmonary embolism has two major clinical mani-
festations, acute respiratory and circulatory insuffi-
ciency. Experiments on animals and clinical observa-
tions have shown that, in general, the bigger the
embolus, the more dramatic are the acute manifestations.
The cardiopulmonary effects of acute pulmonary
embolism, however, are often greater than can be ac-
counted for simply by the degree of mechanical occlu-
sion of pulmonary vasculature.>® If mechanical ob-
struction of pulmonary blood flow were the only effect
of embolism occluding less than 50% of the pulmo-
nary vasculature, such submassive embolism would
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ABBREVIATIONS USED IN TEXT

TPA =tissue-type plasminogen activator
UPET=Urokinase Pulmonary Embolism Trial

lead only to an increase in physiologic dead space
and alveolar hypoventilation. Patients with submas-
sive embolism, however, often have hypocapnia due
to alveolar hyperventilation, hypoxia reflecting an
increase in physiologic shunt and sometimes an in-
crease in pulmonary vascular resistance.” Similarly,
massive embolism occluding more than 50% of the
pulmonary vasculature often leads to more dramatic
physiologic and clinical consequences than can be
accounted for on the basis of mechanical obstruction
alone. For example, reducing the pulmonary vascular
surface 50% by pneumonectomy rarely leads to pul-
monary hypertension, whereas a similar degree of vas-
cular obstruction by embolism often does.”®

Such observations suggest that neurohumoral re-
sponses contribute to the cardiopulmonary effects of
pulmonary embolism. In fact, the idea of influencing
such hypothetic neurohumoral responses led to an
early report of a strikingly successful therapy. Inves-
tigators in 1940 reported 18% mortality in 22 patients
with pulmonary embolism treated with atropine, papav-
erine hydrochloride or both, in contrast to 87%
mortality in 100 untreated patients.? Unfortunately,
the use of only this regimen has not been supported
by the experience of others.

Several recent studies suggest that platelet secretions
may play a major role in determining the acute re-
sponses to pulmonary embolism. In dogs, for example,
experimental pulmonary emboli led to an increase in
thromboxane—a prostaglandin with vasoconstrictor
properties—that correlated with increases in physio-
logic shunt, pulmonary vascular resistance and dead
space.’® The concomitant fall in the dogs’ platelet
counts suggests that thromboxane was released by
platelets depositing on the embolus. Pretreatment with
imidazole, a thromboxane synthetase inhibitor, or with
indomethacin, a cyclooxygenase inhibitor, prevented
the rise in thromboxane and limited the changes in
shunt, dead space and vascular resistance without af-
fecting the fall in platelet count. Therefore, the effects
of imidazole and indomethacin are likely due to
decreased platelet release of thromboxane. Infusion
of prostacyclin, a vasodilatory prostaglandin, had simi-
lar beneficial effects. In a rabbit model, pretreatment
with as little as 5 mg per kg of body weight of aspirin
has shown similar dramatic effects: pretreatment de-
creased the mortality from 40% to 0% and even
averted hypotension.’* The evidence suggests, then,
that the cardiopulmonary effects of acute pulmonary
embolism may be due to the secretions of platelets
involved secondarily in the embolus as well as to the
consequences of mechanical obstruction by the em-
bolus itself. :
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Natural History

The question of natural history, What happens to
the embolus and to the patient after the acute event?,
cannot be answered fully as adequate studies have not
been done. A review of relevant experimental, clinical
and epidemiologic data may be helpful, though, on the
premise that in the land of the blind the one-eyed man
is king.

Experiments in animals show that fresh pulmonary
emboli generally resolve rapidly. Moser and co-work-
ers, for example, have shown that in dogs, fresh pul-
monary emboli dissolved spontaneously to less than
half their original volume three hours after emboliza-
tion and to less than a third the original volume in six
hours.!? The degree of spontaneous thrombolysis dif-
fered greatly among animals, however, from 0% to
90% reduction in clot volumes at three hours. These
and other similar results’* underscore the importance
of controlled experiments in evaluating thrombolysis
and also suggest that there may be great variation in
the rate of endogenous resolution of pulmonary em-
boli.

Our understanding of natural history should not rely
too heavily on animal models for several reasons. Most
important, people in whom pulmonary emboli develop
may have a systemic rather than just a local predisposi-
tion to thromboembolism; perhaps the apparently grad-
ual resolution of emboli in patients treated with anti-
thrombotic agents indicates such a difference. Second,
clinical pulmonary emboli may be different—perhaps
older and less susceptible to thrombolysis—from the
fresh thrombi studied in many animal models. There
may also be species-specific differences in fibrinolysis.

Clinical studies give little information about the
spontaneous resolution of pulmonary emboli. One pa-
tient, a 57-year-old man who suffered emboli to bi-
lateral segmental pulmonary arteries, was not antico-
agulated and had serial pulmonary angiograms.* This
man’s emboli completely resolved within seven days of
the diagnosis, but this remains an isolated clinical re-
port.

Epidemiologic data are more plentiful but no more
definitive. The notion that 30% of patients with un-
treated pulmonary embolism will die is commonly held
on the basis of an argument outlined by Dalen and
Alpert in 1975.% To establish the mortality rate of un-
treated pulmonary embolism as around 30%, they cited
five series in which the mortality rate of patients with
untreated pulmonary embolism ranged from 18% to
35%. However, several problems invalidate this re-
view as a method for establishing a firm estimate of the
rate of untreated pulmonary embolism. First, review
of a larger number of reports of untreated pulmonary
embolism (Table 1) shows such a broad range of
mortality rates—from 0% to 91% —that one must be
skeptical of either pooling data or choosing one study
over another unless its methodology is clearly superior.
None of the studies required angiographic or lung scan
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evidence of the diagnosis. Second, the criteria for select-
ing cases in many of the series may have biased the
results. Many studies, including two of the five cited by
Dalen and Alpert,'®® included cases in which the diag-
nosis of pulmonary embolism was made only at au-
topsy. Some series reported as untreated those patients
who had contraindications to anticoagulation and thus
may have been sicker than treated patients.?* Third, the
therapeutic standard before the introduction of anti-
thrombotic therapy was prolonged and strict bed rest,
which itself may have been detrimental. In summary,
the data on the mortality rate of untreated pulmonary
embolism are neither consistent nor reliable.

A key issue is that of recurrence: Does a pulmonary
embolus herald fatal or debilitating emboli in the
future? The answer to this question, too, is unclear
(Table 2). Although there is a consensus that many
patients (25% to 71% ) with fresh pulmonary emboli
found at autopsy have evidence of old embolism, this
finding cannot lead to an estimate of the risk of recur-
rence in the living. The reports of recurrence rates
after an initial clinical diagnosis of pulmonary embo-
lism vary so widely that they are of little help. Al-
though similar methodologic flaws mar these studies,
disparities in the patient populations studied probably
explain some of the differences. The lowest recurrence
rates occurred among patients with total hip replace-
ments, whereas the highest mortality rates occurred
among those with heart failure or serious contraindica-
tions to anticoagulation,®2%21

Antithrombotic Therapy

In 1938 heparin was reported as the first drug used
for the antithrombotic treatment of pulmonary embo-

TABLE 1.—Mortality of Untreated Pulmonary Embolism

Number Number
o] of Mortality Reference
Series Years Patients Percent (Range) Numbers
13* . 1903-1940 2,478 34 (13-91) 1 (cited in)
5 .. 1941-1961 551 35 (2t51) 1,16,17,18,19

2 .. 1962-1977 327 2.5( 0-42) 20,21

*These series include cases of sudden death due to pulmonary embolism.
tBased on a review of case reports in Zilliacus.!

lism.?® This new treatment was rapidly and enthusias-
tically accepted, possibly reflecting William Osler’s
adage that “the desire to take medicine is perhaps the
greatest feature that distinguishes man from animals.”?¢
The use of heparin was embraced, however, not only
because of human nature but also because of the results
of clinical trials and the belief in the then-current theory
that endogenous heparin bound to prothrombin was an
important check on coagulation. Thus thromboembo-
lism was viewed as a deficiency disease analogous to
pernicious anemia and heparin was viewed as the
specific therapy.!

Although this appealing theory has been discredited,
heparin may have several beneficial effects. Heparin is
not itself thrombolytic but it has been shown to allow
more rapid dissolution of pulmonary emboli in Moser’s
dog model (66% dissolution at three hours in treated
animals and 52% dissolution in untreated animals).!?
By various mechanisms, including the potentiation of
antithrombin III and the inhibition of platelet deposi-
tion, heparin may also prevent the extension of pulmo-
nary emboli, the extension or recurrence of underlying
venous thrombosis, platelet release of serotonin and
bronchospasm.?"2® The clinical importance of these
experimental results, however, is unknown. Coumarin
derivatives probably act only by inhibiting the synthesis
of functional factors II, VII, IX and X.

Does anticoagulation affect the course of patients
with pulmonary embolism? One would certainly think
that it should, but let me say at the outset that I do not
know the answer. I will approach the question first by
summarizing several large series of patients treated with
anticoagulants during three eras (Table 3). In the first
decade of anticoagulant therapy, three large series had
a combined mortality rate of 0.2%, in contrast to
mortality rates of 5% in four large series gathered
during the next 25 years and 9% in heparin-treated pa-
tients in the multicenter Urokinase Pulmonary Embo-
lism Trial (UPET).

It is difficult to explain a nearly 50-fold increase in
mortality, and one has to wonder why the results of
anticoagulant therapy appear to have worsened so
dramatically. Could we have lost our therapeutic knack?

TABLE 2.—Recurrence of Pulmonary Embolism in Patients Not Treated With Anticoagulation

Number Fatal Nonfatal
of Recurrence Recurrence Reference
Series Patients Percent (Range) Percent (Range) Numbers
Clinical (1960-1967) ........ 453 9.7 ( 0-35) 9.5 (3.2-26) 17,18,20,21
Autopsy (1941-1968) ........ 279 48 (25-71) cee 22,23,24

TABLE 3.—Results of Treatment of Pulmonary Embolism With Anticoagulation
From Different Eras

Series

Early (1937-1947) ... ..ot
Later (1960-1973) .......cciviieiininn.tn
Urokinase Pulmonary Embolism Trial (1970) ..
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Total

Number Recurrence
of Mortality Rate Reference
Patients Percent Percent Numbers
581 0.2 2 1,29,39
1,726 5 9 18,19,20,31
78 9 19 32
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I think not; there are several serious problems with the
studies that probably explain the differences. Most
likely many patients in earlier series did not have pul-
monary embolism as UPET was the only series cited
that required angiographic or lung scan documentation
of the diagnosis. Patients with pulmonary embolism in
the earlier series may also have been less critically ill
than those in later series. Finally, follow-up may have
been more extensive in the later series, leading to the
detection of more deaths.

Only two prospective studies of this issue have been
done. In 1960 Barritt and Jordan compared two weeks
of anticoagulation with supportive therapy alone in the
only randomized trial of anticoagulant therapy for pul-
monary embolism.'” They studied 35 patients with
clinical findings of pulmonary infarction, acute right-
sided heart failure, or both. Five of 19 untreated pa-
tients died of pulmonary embolism, in contrast to one
death due to pneumonia among 16 treated patients
(P=.04). Observing that “every patient who received
the first injection of heparin survived,” they urged the
use of anticoagulation to reduce the incidence of early
death from pulmonary embolism.

Serious questions about the validity of Barritt and
Jordan’s study may limit its applicability, however. The
diagnostic criteria are inadequate by current standards,
so we do not know how many of the surviving patients
had pulmonary embolism. Furthermore, it is unclear
whether treated and untreated patients were compar-
able in terms of severity of illness and duration of
symptoms at the time of randomization. It is note-
worthy that three of the five patients who died in the
untreated group had fatal diseases other than pulmo-
nary embolism. Finally, it is a small study in which
only part of the spectrum of pulmonary embolism was
examined and, therefore, their conclusions may not be
generalizable.

A second study deserves mention not because of its
methodologic rigor but because its astounding results
highlight our therapeutic dilemma. Johnson and
Charnley reported their experience with 628 patients
with clinical diagnoses of pulmonary embolism follow-
ing total hip replacement.?* One of the 295 anticoagu-
lated patients and none of 308 untreated patients died.
Such results can be explained only by the inaccuracy
of clinical diagnosis or by a wide spectrum of diseases
due to pulmonary embolism.

On the basis of the above review I must conclude
that the effects of heparin and coumarin derivatives on
the morbidity and mortality of acute pulmonary em-
bolism are not known. To the best of my knowledge,
no data regarding the proper intensity or duration of
therapy for pulmonary embolism alter this conclusion.

Do we know any more about other antithrombotic
agents, specifically thrombolytics? We do, although our
knowledge is only in reference to heparin, a therapeu-
tic standard of dubious value.

The effects of both streptokinase and urokinase on
pulmonary embolism have been studied extensively,
especially by UPET. UPET randomly selected 160 pa-
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tients with angiographically recorded pulmonary em-
bolism for 12 hours of intravenous administration of
heparin or urokinase followed by long-term anticoagu-
lation. Angiography and hemodynamic studies were
repeated at 24 hours, morbidity and mortality rate were
assessed at two weeks and perfusion lung scans were
done serially over the subsequent year. There was no
significant difference in mortality rate (9% versus 7%)
or recurrent embolism (19% versus 15% ) in the heparin
and urokinase groups, respectively. Compared with
heparin, urokinase and streptokinase led to small but
significant improvements in hemodynamic, angio-
graphic and scan results at 24 hours and in pulmonary
perfusion and diffusion at one year.?*** Also, patients
with larger emboli generally showed the greatest angio-
graphic and hemodynamic response to thromboly-
tics.?2*+3% No clinical correlate of any of these labora-
tory differences has been detected, however.

How do we choose between heparin and thromboly-
tic therapy? Thrombolytics lead to slightly more rapid
clot resolution and hemodynamic improvement, espe-
cially in patients with larger emboli, and to long-term
improvement in pulmonary diffusion and perfusion.
Thrombolytics, however, increase the risk of bleeding,
lead to rare allergic reactions and cost more. Thus, al-
though thrombolytics and heparin are reasonable
therapies for pulmonary embolism, neither is clearly
superior nor even of proved clinical benefit.

This conclusion is of concern for two reasons: First,
unproved treatment that can lead to life-threatening
complications is not benign. Second, the lack of a
clearly beneficial therapy mandates a search for such
therapy.

Are the risks of antithrombotic therapy so great,
though, that we should not use it for its possible if un-
proved benefit? Again, the final answer is not in, but
some relevant points should be considered: In four
large randomized trials heparin and streptokinase for
the treatment of different thromboembolic diseases were
compared in 941 patients.?>3¢-38 Serious bleeding and
death due to bleeding developed in 3.5% and 0.5%,
respectively, of the 467 patients treated with heparin
and in 7.5% and 1.0%, respectively, of the 484
treated with streptokinase. In studies of anticoagula-
tion agents given orally, bleeding complications devel-
oped in from 0% to 20% of patients in three months
of therapy.*® Although the risk of hemorrhage can
probably be lessened by giving heparin continuously
rather than intermittently and by maintaining the
prothrombin time less than 2.5 times control or even
in lower ranges,***° it is clear that any antithrombotic
therapy can lead to serious complications.

New Therapies

Two areas of current investigation may improve the
medical treatment of acute pulmonary embolism. As
we have seen, platelet secretions such as thromboxane
probably cause many of the acute cardiopulmonary
effects of pulmonary embolism. The experimental evi-
dence reviewed earlier suggests that inhibition of throm-
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boxane synthesis or prostacyclin infusion may alter the
immediate course of pulmonary embolism.*®** This
finding deserves further investigation.

Although we may attempt to benefit our patients by
altering the humoral consequences of pulmonary em-
bolism, it is clear that the embolus itself remains the
prime instigator of both mechanical and humoral ef-
fects. A lytic agent that would limit its action largely to
the embolus might be safer and more effective than
current therapy. Two such agents have been devel-
oped,*>*3 the more promising being tissue-type plas-
minogen activator, or TPA.

TPA is an intriguing protein. Its discovery was sup-
posedly related to the observation that the blood of
corpses often clots for only an hour or so after death
before it becomes fluid again. Hemoperfusion of such
corpses led to the isolation of a so-called tissue-type
plasminogen activator that was released from the en-
dothelium in large quantities after death and that is
different from the kidney-type plasminogen activator,
urokinase.

TPA is a key factor in the process of physiologic
fibrinolysis that keeps us all from turning into clot.**
A 527-amino acid serine protease, single-chain TPA,
is activated by proteolytic cleavage which may occur
on binding of TPA to the fibrin in thrombus. TPA then
activates plasminogen in the thrombus so thrombolysis
occurs without development of a systemic lytic state.
Streptokinase and urokinase, in contrast, lyse thrombus
by activating enough plasminogen in the serum to over-
come inhibition by antiplasmin, thus leading to a sys-
temic lytic state as well as thrombolysis.

The important difference between tissue-type plas-
minogen activator and other thrombolytics is that TPA
is clot-specific. Because it is active only when bound to
fibrin, it does not cause the systemic lytic state caused
by urokinase and streptokinase. In femoral vein throm-
bolysis in dogs, for example, urokinase led to fibrino-
gen depletion and the generation of fibrin-split products
whereas TPA did not.*> Bleeding complications have
not been reported in animals given TPA, presumably
because of the absence of the lytic state.

The major limitation to the use of TPA has been
supply; corpse hemoperfusion is, at best, a cumber-
some technique. Workers at Genentech have recently
cloned the gene for TPA from human melanoma cells
and have produced therapeutic quantities.*® Despite
concerns that a synthetic polypeptide as complex as
TPA might not function, recombinant TPA adminis-
tered by vein has recently been shown to lyse coronary
thrombosis in cats (David Martin, MD, oral communi-
cation, May 1983). Whether TPA will have such dra-
matic effects in lysing pulmonary emboli remains to
be seen.

Conclusion

Streptokinase and urokinase, in comparison with
heparin alone, improve short-term angiographic and
hemodynamic results and long-term pulmonary diffu-
sion and capacity. Neither anticoagulants nor throm-
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bolytics, however, have been proved to alter the mor-
bidity or mortality of acute pulmonary embolism or to
have long-term clinical benefit. The risk of bleeding is
not well defined, but antithrombotic therapy may cause
death in as many as 1% of patients and serious bleed-
ing in about 5%.

Present experimental and clinical data, therefore, do
not justify a therapeutic dogma. While traditional anti-
thrombotic therapy such as that studied in UPET is
perhaps the most reasonable present treatment of pul-
monary embolism, it remains unproved and should
not encourage our complacence. Future clinical trials
might investigate issues such as the use of TPA com-
pared with heparin and perhaps placebo, the effects of
altering prostaglandin metabolism and the roles of sur-
gical intervention and long-term anticoagulation. Until
such trials have been done we will not know the best
therapy for pulmonary embolism.
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